Abstract: The present study revealed the varied frequency of natural chromosomal abnormalities in 13 populations pertaining to 9 species of the genus Artemisia L. from different localities of Himachal Pradesh (Western Himalaya). Intraspecific chromosome variability has been reported for the first time on worldwide basis in Artemisia vestita (2n = 2x = 36) and from India in A. macrocephala (2n = 2x = 18) and A. scoparia (2n = 2x = 36). Besides, B-chromosomes have been reported here for the first time in A. nilagirica and A. roxburghiana. Most of the populations show anomalous meiotic behaviour resulting in cytomixis, chromosomal stickiness, unoriented bivalents, formation of laggards and bridges which leads to abnormal microsporogenesis, and production of heterogeneous-sized fertile pollen grains along with reduced pollen fertility.
Introduction
Western Himalaya (an integral part the Great Himalayan range) is bequeathed with a vast and varied geobotanical range, and offers an interesting scope for phytogeographical assessment.
The genus Artemisia, commonly known as mugwort or sage brush, is the largest and most diverse genus of the tribe Anthemideae (Martín et al. 2003 ). The genus comprises over 500 species (Vallès & Garnatje 2005) , distributed mainly across the Northern Hemisphere, particularly in the old world. In India, 32 species have been reported so far (Dar et al. 2002) . Most of the members are perennial herbs, sometime become shrubs, and usually have strong aromatic aroma due to essential oil accumulation in leaves. The plant body is densely hairy, with leaves pinnatifid to pinnatisect, displaying a wide range of body sizes.
Out of 500 taxonomically known species, about 373 are chromosomally characterized (including 21 from India) . The most common base number of the genus is x = 9 and mostly dominated by diploids with 2n = 18 (181 species). Polyploids, more specifically tetraploids (2n = 36) are also of high incidence with 117 species. Base number x = 8 is less frequent, with diploids of 2n = 16 being only available in 36 species. A third base number x = 17 is also reported, and diploid chromosome number of 2n = 34 occurs in just 14 species. Aneuploidy is of significant incidence in the genus, being present in 39 species. The highest ploidy level found to date in Artemisia is 2n = 16x = 144 in the species A. medioxima (Pellicer et al. 2007) .
Artemisia is a medicinally important genus, the members are known to have therapeutic properties such as, Artemisia absinthium (used against labour pain & induce abortion); A. abrotanum, A. moorcroftiana, A. roxburghiana and A. vulgaris (against malarial fever) and A. dubia and A. brevifolia (against gastric problems and intestinal worms), etc. (for reviews, see: Proksch 1992; Ko et al. 2006; Iqbal et al. 2004 and Ashraf et al. 2010) . A well known antimalarial compound, Artemisinin obtained from A. annua, is also known to have anti-carcinogenic properties (Efferth et al. 2001; Lai & Singh 2006) . Furthermore, Artemisia species are a rich source of sesquiterpenes, lactones and anti-oxidant compounds (Flavanoides, Phenolic acids, etc.) .
Due to high number of species, ecological and cytological diversity coupled with economic importance, the genus Artemisia provides good source for specific and genetic diversified studies (Badr et al 2012) . Due to highly suitable climatic conditions, the Western Himalayas is considered to be one of hot spot areas for Artemisia diversity. The present study reports meiotic studies in nine species of Artemisia from Western Himalayas.
Material and methods

Plant specimens
The present investigation is focused to Kullu (31 • 57 36 N, 77 • 6 0 E), Lahaul-Spiti (32 Table 1 ). Young flower buds of plants growing in their natural habitat were collected for the present study. Herbarium vouchers for the specimens collected in the field were submitted to the Herbarium, Department of Botany, Punjabi University, Patiala.
Chromosomal preparation
Flower buds were fixed in Carnoy's fixative (alcohol : chloroform : acetic acid in 6 : 3 : 1 ratio v/v) for 24 hrs. Afterwards, the materials were transferred to 70% ethanol for long storage purposes. Meiotic studies were made by the squashing technique in standard acetocarmine. Microphotographs of pollen mother cells (PMCs) were made with freshly prepared slides by using a Nikon 80i Eclipse Microscope.
Pollen fertility
Pollen fertility was estimated by their stainability in 1% glyceroacetocarmine (1 : 1). Filled and stained pollen grains considered as fertile whereas shrunken and unstained pollen grains were considered as sterile.
Results and discussions:
Detailed meiotic studies were carried out on 13 populations of nine species of Artemisia L. from different localities with altitude ranging from 1,044 to 4,883 m in Himachal Pradesh. Details of the data regarding locality with altitude, accession number (PUN), present meiotic chromosome number, and ploidy level, pollen fertility and size of pollen grains of the presently worked out plant populations have been presented in Table 1 .
Morphological and cytological studies Artemisia gmelinii Web. ex Stechm. (= A. sacrorum Ledeb.) The species is native to southern European Russia, Siberia, Afghanistan (Brickell 2003) , and also distributed in the North-Western Himalaya between al- titudes of 2,700-5,100 m (Haider et al. 2012) . A perennial, 50-100 cm tall bushy aromatic shrub, having green, punctate and glabrous leaves, and yellow flowers in the month of September-November. The present diploid number (2n = 18; Fig. 1a ) is in agreement with the previous reports of Khoshoo & Sobti (1958) , and Koul (1964 a) from Kashmir. Besides, the species is also reported to have B-chromosomes (2n = 18 + 0 − 1B) from Kashmir by Bhat et al. (1974) . Tetraploid (2n = 4x =36) and hexaploid (2n = 6x =54) cytotypes have also been reported from abroad (Probatova 2000) . Thus, the species depicts well developed intraspecific polyploidy race on x = 9. A. macrocephala Jacq ex Bess. (= A. griffithiana Boiss) It is distributed in Russia, North-South Asia (Stewart 1972) . It is found in dry mountain slopes of the Himalaya (Hajra et al. 1995) at an altitude of 3,000-4,500 m. The species is an annual herb, 20 cm tall whitish hairy herb, bears ovate-orbicular leaves and shows flowering in the months of June-August. Cytologically, the species has been counted for the first time from India. Although, it confirms the previous reports of 2n = 2x = 18 (Fig. 1b, c ) from abroad (Garcia 2006) . A. maritima L. ex Hook. f. The species is distributed in Afghanistan, Western Tibet, North of Asia, and Europe (Wang 2004) . It is common on dry rocky slopes of western Himalayas between 2,000-3,000 m a.s.l. (Hajra et al. 1995) . This perennial, erect herb is 50-90 cm high and bears 2-pinnatisect leaves which are covered with woolly hairs. Flowering period is between July-September. The present chromosome count (Fig. 1d) confirms the earlier report of 2n = 18 (Bakshi & Kichloo 1985) , who also reported B-chromosomes (2n = 2x = 18 + 0 − 1B). Previous reports of 2n = 4x = 36 (Kaul & Bakshi 1984) and 2n = 6x = 54 (Khoshoo & Sobti 1958) var. nilagirica C.B.Clarke) It is commonly distributed along the roadsides throughout the mountainous and hilly districts of Western Himalaya at an altitude up to 600-2,700 m. It is an erect, aromatic, perennial herb, 100-150 cm tall displaying a paniculated branched stem and large lobed leaves, which flowers during May-December. Meiotic analysis reveals the species to be diploid (2n = 18, Fig. 1e ). The present chromosome count agrees with a previous report of Mehra & Remanandan (1974) . Besides, hexaploid cytotype with 2n = 54 is also reported by Mathew & Mathew (1988) in South Indian populations. The presence of 0-4 B chromosomes confirms the earlier reported by one of the authors (Bala et al. 2012) from Sirmaur district (H.P.). A. parviflora Roxb. ex D. Don (= A. japonica Thunb.) It is distributed in Pakistan, Nepal, Afghanistan, and Japan (Hajra et al. 1995) . In India, it is found in dry and sandy slopes of temperate Himalayas, the Indogangtic plains and Deccan Peninsula, between 1,500-3,000 m a.s.l. (Wang 2004 ). The species is perennial, erect and glabrous herb, reaching a height of 30-90 cm, with linear to narrowly lanceolate leaves and shows the flowering period ranges between July-September. The present chromosome count (2n = 2x = 18; Fig. 1f ) confirms the previous work by Koul (1964a) , Kaul & Bakshi (1984) and Gupta et al. (2010) . The species also depict tetraploid (2n = 36) cytotype (Mehra & Remanandan 1969 , 1974 Xiong et al. 1995) . A. roxburghiana Wall. ex Besser The species occurs along the roadsides in Nepal, South China, North-East Afghanistan and the Western Himalayas between 1,000-3,500 m a.s.l. It is perennial, 20-50 cm tall, ascending, oblong-ovate leaves and is in flowering in the months of August-October. Both the populations (P1 and P2) are found to be diploids (2n = 18; Fig. 1g ) which support the previous records (Mehra & Remanandan 1974; Gupta et al. 1989 ). However, the second population (P2) differs from the first by having 0-2 B chromosomes (Fig. 1h) , which had been recorded for the first time by Gupta et al. (2013 (Cardini & Haung 1998) . In India, distributed in Indo-Gangetic plains and the Western Himalayas between 1,500-3,500 m a.s.l. In the present study, cytological investigations have been conducted on two populations, the first population (P1), reveals the diploid chromosome count (2n = 18; Fig. 1i ), which confirms the previous record of many workers . Nonetheless, second population (P2), had been found to be tetraploid (2n = 36; Fig. 1j ), being a new cytotype report from India, though it has been reported earlier from abroad (Peng & Hsu 1978) . Besides, the species show diploid cytotypes based on x = 8, 9, 10, 11 and intraspecific polyploids (2x, 4x) on x = 9 .
A. vestita Wall. ex Bess. The species is distributed along the hills, rocky slopes, grasslands, shrublands in the Western Himalaya in between 2,000-4,300 m a.s.l. The species is a perennial herb, growing to 1.2 m on hills, rocky slopes, grasslands, shrublands and outer forest margins at elevations of 2,000-4,300 m a.s.l. in Western Himalayas. The species show flowering in the months of August-October. This present chromosome count (2n = 36; Fig. 1k ) is new chromosome report from the world . In addition to our reports, there are records suggesting the existence of two other cytotypes, a diploid cytotype (2n = 18) by Kaul & Bakshi (1984) and a hexaploid cytotype (2n = 54) by Bala & Gupta (2011) .
It is a shrubby perennial, 120-200 cm tall, with dark green, segmented, pubescent leaves on dark red/purple stem. Several species of moths and butterflies feed on the leaves and flowers of A. vulgaris (Zheng et al. 2006 ) during the months of July-September. Cytologically, this species is quite diverse showing a number of cytotypes, of which the present chromosome count (2n = 2x = 18; Fig. 1l ) represent the most common cytotype and confirms the previous reports of Mehra & Remanandan (1974) , Khoshoo & Sobti (1958) , Koul (1964b) . Further cytotypes reported include, 2n = 24 (Koul 1964b ), 2n = 36, 40, 54 (Nirmala & Rao 1984 and 2n = 90 (Mehra & Remanandan 1974) . Bakshi (1982) also reported B-chromosomes in diploid cytotype.
Meiotic abnormalities
Chromosome behaviour during meiosis was found to be abnormal in all populations of different species of Artemisia except one population of A. roxburghiana (Table 3 ). The present study thus brings novel evidence of the high occurance of meiotic abnormalities (i.e., cytomixis, unoriented bivalents, chromatin stickiness, chromatin bridges and laggards, or multipolarity; Figs 2 a-n; Table 2 ), which are certainly suggesting the existence of intraspecific genetic diversity (for reviews, see: Baptista-Giacomelli et al. 2000 and Sheidai et al. 2003) . The migration of one or a few chromosomes into the neighbouring meiocytes leads to the formation of hyper-/hypoploid cells (Figs 2a, b) , syncyte formation, and even the cells with double the normal chromosome number (Fig. 2b ) which ultimately result in the formation of unreduced pollen grains (for reviews, see : Falistocco et al. 1995; Sheidai & Fadaei 2005; Ghaffari 2006; Fadaei et al. 2010; Jeelani et al. 2011; Kumar et al. 2013) , as observed in Artemisia species (Figs 2l-n) . The formation of unreduced gametes is of evolutionary significance since it can lead to the arising of plants with higher ploidy level through polyploidization (Villeux 1985) . Chromatin stickiness involving few bivalents or whole complement was seen from prophase-I to metaphase-I (Fig. 2c) . Cytomixis and chromatin stickiness are considered to be the result of genetic/environmental factors or genomicenvironmental interaction (for reviews, see : Bellucci et al. 2003; Ghaffari 2006; Fadaei et al. 2010; Nirmala & Rao 1996, and Baptista-Giacomelli et al. 2000) and seems to be equally applicable to the present investigation. Chromosome stickiness also results in the formation of fragmented chromatin (Kumar & Singhal 2011) , however, a very low percentage of such fragments were observed in the present work ( Table 2 ). The highest frequency of unoriented bivalents at metaphase-I (Fig. 2c) were noted in populations of A. vulgaris (Table 2 ). The unoriented bivalents are the result of non-synchronous behavior of bivalents. In fact this phenomenon is caused by a failure on the mechanisms arranging the bivalents along spindle apparatus. This results in precocious and late disjunctions of bivalents (Baqur & Akhtar 1968) . This chromatin stickiness (Fig. 2c) and late or nondisjuncting bivalent (Fig. 2d) , and chromosomal laggards ( Fig. 2e ) seems to be responsible for chromosomal bridges ( Fig. 2f ; Kumar et al. 2013) . Multipolarity was also observed in several populations of A. maritima and A. vulgaris (Fig. 2g ) pointing out abnormalities during spindle formation, i.e., existence of more than four poles at telophase-II, hence being responsible for irregular distribution of chromatin to the microspores. All these meiotic abnormalities result in abnormal microsporogenesis, leading to the formation of monads, dyads, triads, or polyads (Figs 2h-k; Table 3 ) which may or may not contain micronuclei. These meiotic abnormalities along with abnormal microsporogenesis lead to the formation of heterogeneous sized (large and small) fertile pollen grains and reduced pollen fertility (Figs 2k-m) . The occurrences of large pollen grains (2-5%; Fig. 2l n) agree with to previous report about the possibility of such pollen grains to be resulting from production of unreduced (2n) gametes as has been observed in several angiosperms (for reviews, see: Thomson 1995; Sheidai et al. 2008; Fadaei et al. 2010; Jeelani et al. 2011) . From the evolutionary standpoint meiotic instability (as observed in the present work) may be considered a source of inter/or intraspecific variation, and demands the need for the extensive cytological exploration at population basis on different species of Artemisia from various localities of Western Himalayas.
